Three group A arboviruses, Sindbis (SIN), western (WEE) and eastern equine encephalitis (EEE), were selectively degraded with a nonionic detergent to yield a core particle and a soluble envelope component. Antigenic analysis by using radioimmune precipitation techniques revealed marked antigenic similarity among the core particles of the three viruses. The soluble envelope component exhibited antigenic specificity similar to that of intact virions. A close relationship between SIN and WEE envelopes was shown, whereas EEE envelope antigen appeared antigenically specific. These data indicate that nucleocapsids of group A arboviruses contain an antigenic determinant common to the group; the envelope contains virus-specific antigens as well as antigens which relate members of a subgroup.
Antigenic relationships among the group A arboviruses have been established primarily on the basis of complement fixation, hemagglutination inhibition, and neutralization test results by using unpurified antigen preparations derived from infected suckling mouse brain (7, 8, 10, 11, 28) . These tests have exhibited varying degrees of both group and type specificity. The individual antigenic determinants contributing to the observed reactions have not been clearly defined, although both group-and type-specific determinants must reside on the virion surface because type-specific as well as cross-reactions have been observed by using purified virion preparations (12, 13, 21, 22, 26) . Group-specific nucleoprotein antigens have been described for other RNA viruses (3, 14, 18, 19, 23) , but only limited information (12) has been obtained for arboviruses. Group A arboviruses have been disrupted by a variety of methods to yield envelope and nucleoprotein antigens (1, 2, 4, 15, 16) . Radioimmune precipitation (RIP) techniques allowed precise determination of antigenic relationships between subunits of degraded virions of three group A arboviruses. This investigation describes the antigenic relationships of the RNA-rich "core" particle and the detergent-solubilized "envelope" components. Radioimmune precipitation (RIP) tests. The application of radioimmune precipitation procedures to the study of group A arboviruses has been previously described (13) . Antisera to these viruses consisted of mouse hyperimmune ascitic fluids (MHAF) prepared according to the method of Brandt et al. (5) and modified by the use of Sarcoma 180 cells to induce ascites (24) . Antisera to degraded virus components were prepared as above with the exception that all immunogen preparations were treated with 0.1% Formalin for 12 h at 37 C, followed by 96 h at 4 C to insure complete inactivation of infectivity. Residual infectious virus could not be detected by either plaque assay in primary chicken embryo cells or intracerebral inoculation of suckling mice.
MATERIALS AND METHODS

RESULTS
Antigenic specificity of intact virions. Purified virion preparations of each of the three viruses were examined by RIP tests by using antisera (MHAF) from animals immunized with infected suckling mouse brain suspensions (Fig. 1 (Fig. 2A) . No remaining intact virions were evident in treated preparations, indicating complete disruption by the detergent to a particle of approximately 140S and a soluble fraction. Untreated virions centrifuged on an identical gradient resulted in a single peak of radioactivity near the bottom of the gradient. Similar NP-40 treatment of preparations labeled with 8H-uridine yielded a single peak of radioactivity (Fig. 2B) , indicating that all of the virus RNA was contained in the particle sedimenting at 140S. Detergent treatment of virions labeled with 3H-glucosamine resulted in a radioactive soluble fraction (Fig. 2C) . The absence of 3H-uridine-labeled RNA in the nonsedimenting component, and the absence of 3H-glucosamine label in the sedimenting particle indicated a high degree of purity of each preparation.
Intact SIN virions and the products of NP-40 disruption ( Fig. 2A) were analyzed by PAGE. SIN virion preparations exhibited the characteristic polypeptide composition previously described (27) : the 53,000 mol wt membrane glycopeptide and the smaller 30,000 mol wt core associated polypeptide (Fig. 3) . The RNA-rich, non-glycosylated, 140S particle contained only the 30,000 mol wt polypeptide, whereas the nonsedimenting glycosylated fraction consisted entirely of the larger 53,000 mol wt protein. Purified virion preparations of WEE and EEE virus were similarly treated with essentially identical results. PAGE analysis of core and envelope preparations indicated that each was essentially free of contamination by the other.
Serological reactivity of envelope and core antigens. The RIP reaction of core preparations from each of the three viruses with homologous and heterologous antisera is shown in Fig. 4 . Nucleocapsid antigens were cross-reactive to the extent that differentiation of the homologous reaction was impossible. Although end point titers were not as great as those observed with these antisera and virion antigens, crossreactivity was increased, especially with EEE nucleocapsid antigen.
The SIN and EEE antisera had high titers of anti-core antibody and effectively demonstrated the extent of the cross-reactivity between core antigens. The WEE antiserum, on the other hand, exhibited some specificity, but extensive cross-reactions with SIN and EEE nucleocapsids were evident.
Soluble envelope antigens were examined in the same manner, and the resulting RIP profiles are presented in Fig. 5 . Envelope antigens were more specific than core antigens and strongly resembled intact virions in RIP reactivity. Homologous reactions were most prominent; the expected cross-reaction was observed with SIN and WEE viruses, and EEE virus envelope antigen was relatively specific. Again, as observed with nucleocapsid antigens, the maximum precipitation and antibody titers were lower than observed when using intact virions.
Reactivity of antisera to virion, envelope, and nucleocapsid antigens. SIN virions, as well as nucleocapsid and envelope antigens, were used as separate immunogens for the preparation of specific antibody. Reactions of MHAF prepared against each of the SIN anti- Polyacrylamide gel electrophoresis of 3H-amino acid-labeled SIN virion (top), soluble envelope (middle), and nucleocapsid components (bottom). Prior to electrophoresis, samples were heated at 100 C for 10 min in 1% SLS and 1% 2-ME. Electrophoresis was performed in 8% gels in a buffer containing 0.1% SLS at 60 V until a bromophenol blue dye marker had migrated through the entire gel length. Migration was from left to right. Gels were frozen and sliced into 1-mm fractions. DISCUSSION Detergent disruption of purified group A arbovirus virions allowed the resolution of two virus components which differed markedly in their antigenic specificity. Core particles, which contained all of the virus RNA as well as the 30,000 mol wt polypeptide, were broadly crossreactive when using antisera prepared with infected suckling mouse brain immunogens. The cross-reactions of antisera (MHAF) to SIN and EEE viruses with heterologous core antigens were of nearly the same magnitude as the homologous reactions, although no cross-reactions between these two agents occurred with intact virions or envelope antigens. The WEE antisera also cross-reacted extensively with core antigen; however, the homologous titers were significantly higher than heterologous titers. This group-reactive nucleocapsid antigen appears analogous to the common ribonucleoprotein antigen of influenza viruses (19) and certain RNA tumor viruses (3, 14, 23) .
Soluble envelope components, which contained only the larger 53,000 mol wt glycopeptide, exhibited antigenic relationships similar to those of the intact virion. SIN and WEE viruses were closely related and did not cross-react appreciably with EEE virus antisera. Although all radioactive envelope protein migrated as a single peak when using this method of polyacrylamide gel electrophoresis, convincing evidence has been presented which indicates that two separate virus glycopeptides are present in the 53,000 mol wt component (25) . It is reasonable to suggest that once separated, one or both of these glycoproteins may be virus-specific antigen(s).
The RIP reactions of antisera to envelope and nucleocapsid showed no antigenic relationship between envelope and core antigens. Antienvelope reacted with both homologous SIN and closely related WEE virions as expected; however, anti-SIN nucleocapsid also reacted with intact SIN virion. It seems unlikely that SIN nucleocapsid antigen is exposed on the surface of the intact virion because WEE virion did not react, even though this antiserum reacted strongly with cores prepared from all three viruses.
